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Abstract
Undergraduate physics laboratory activities are the main way that students get to apply physics
concepts and develop experimental skills. Consequently, the presentation of experimental
techniques is exceedingly important, and a poorly constructed guide could hinder student
success. I have created a lab manual for use in PHY 372 Modern Physics Laboratory at Eastern
Michigan University (EMU). This lab manual helps students develop experimental skills
valuable in their future careers in a variety of fields. I evaluated the teaching effectiveness of the
lab manual using a survey at the end of the Fall 2017 semester, revised the lab manual, and
evaluated it again at the end of the Fall 2018 semester. The 2018 lab manual improved upon the
2017 lab manual overall but did not effectively implement an inquiry-based lab. Further work
can be done to study how the skills gained in this laboratory section help student success in
future lab experiences at EMU.
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Chapter 1: Introduction
Physics laboratory classes are important for students to experience and understand the
concepts they are learning in their main lecture courses. A lab manual is needed that will state
the methods used to perform the experiment and help solve common problems with data
collection because students work at different rates, and the teacher will be unable to answer
every question in a timely manner. Students will read about a concept, perform the experiment,
and then analyze their data to determine whether their data is supported by the theoretical model.
Many lab manuals include questions to get students to think about what they have done in
different contexts and how the experiment could be improved.
There are currently eight unique laboratory courses offered at Eastern Michigan
University (EMU) for Physics majors (see Table 1).
Table 1: List of Current Physics Laboratory Courses at Eastern Michigan University. The
courses are indicated if they are required for a physics major to graduate or can be taken as an
elective and whether they have a lab manual or not.
Course
223
224
332
372
436
442
444
456

Title
Mechanics and Sound
Electricity and Light
Intermediate Mechanics Lab
Modern Physics Lab
Vibration and Sound
Optics
Applied Optics
Electronics for Scientists

Required/Elective
Required
Required
Required
Required
Elective
Elective
Elective
Elective

Lab Manual
yes
yes
yes
no
yes
yes
yes
yes

Four of these labs are requirements to graduate with an undergraduate degree, and three
of those have comprehensive lab manuals for students to perform the experiments. The students
in the Modern Physics Laboratory have been using separate documents that do not come together
into a cohesive manual. There have also been component changes over the years to many of the
labs, and for those labs the instructions supplied by the manufacturer have been changed.
1

This lab manual supplies the students with the historical background and significance of
each experiment, the theoretical background and equations, the experimental methods, and
assists the students with their analysis of the data. This information aids those students who have
not seen the topics in lecture or other classes before. There are multiple times throughout the
semester when a student has not seen the topic before performing the experiment due to the
Modern Physics Laboratory only being equipped with one apparatus for each experiment.
Students perform the experiments according to the schedule they receive at the beginning of the
semester with one week given to each experiment. This lab manual also brings the Modern
Physics Laboratory in line with the American Association of Physics Teachers (AAPT) lab
curriculum recommendations (Kozminski, 2014).
The experiments the students perform in the Modern Physics Laboratory are alterations
of the original work done by some of the major physicists in the 19th and 20th centuries. It is not
only important to perform these experiments but also to understand the work and conceptual
understanding of physics leading up to their creation. This is an area not currently taught at
EMU. History is taught throughout public and private school so that the students may come to
understand the choices that were made and how the current world came to be (Kortemeyer,
2009). Our physics department has a course on the history of physics but has not offered the
course in over a decade. This creates a gap in knowledge that will be addressed by incorporating
a section into each experiment so that students will come to understand the history of modern
physics, including the major physicists of the late 1800s and early-to-mid 1900s, as well as how
these experiments changed and challenged the scientific knowledge of their era. The principal
scientists who developed each experiment are included in this lab manual to familiarize the
students with the people who originally performed the experiment. There are plans to offer the
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history of physics class every two years, but at this time it is not offered and once it is this newly
created section will act as a review of previously covered material.
In the Literature Review section we will outline different formats for writing an
experimental procedure. The three main ways are cookbook, recurrent, and inquiry. Cookbook
procedures are where the student is explicitly told how to take and record the data. The recurrent
method focuses on the student analysis of their data and their understanding of the experiment to
take the original procedure further by predicting the results of a different set of initial parameters
and performing the experiment again to test their prediction. An inquiry procedure focuses on
students making their own experimental procedure and analysis to test the concept. The
procedures and analysis sections for each experiment have been written with these methods in
mind.
The lab manual was then evaluated for its effectiveness in helping the students learn
about and perform the experiments. The survey for Fall 2017 contains a series of questions that
ask students to rate the labs on a Likert scale from 1 to 7 for its help in performing, writing, and
providing additional insight into class material, and a series of free-response questions to get
more in-depth thoughts from the students on specific parts of the lab manual. The survey for Fall
2018 contains these questions and an additional comparison between an experiment that satisfies
the AAPT recommendations and an experiment that satisfies the inquiry-based work done by
Next Generation Science Standards (NGSS). The question on “how useful the sections were in
writing the lab report” was removed in 2018 due to a change in which experiments have a lab
report written following student feedback on the time elapsed from when they performed the
experiment until the reports are due. This will be explained later in this thesis. With feedback
from surveys and university-collected course evaluations, we will rewrite portions of the lab
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manual to help students perform each experiment, understand the significance of each topic
covered, and help them gain critical knowledge and skills for use in future labs and careers.

4

Chapter 2: Literature Review
The Laboratory Goals Subcommittee of the AAPT Committee on Laboratories reviewed
the state of the undergraduate physics laboratory curriculum and related physics education
research on physics laboratories and has made a series of recommendations to foster the
development of many key 21st century skills and competencies. These recommendations were
made to help develop knowledge and skills integral to graduate school, research laboratories,
jobs in industry, other public or private sector STEM careers, teaching, and introduce nonphysics majors to experimental investigations. The recommendations laid out the five focus areas
of modeling, design, technical and practical laboratory skills, data analysis and visualization, and
communication in order to achieve these goals (Kozminski, 2014).
There are several different methods for writing the procedure section of lab manuals,
from the cookbook style used in our introductory and sophomore physics labs, to the recurrent
method described by Dr. Mikhail Agrest in his two papers titled Physics Labs with Flavor
(Agrest, 2009; Agrest, 2011) to the inquiry-based method in the NGSS (NGSS Lead States,
2013). The traditional cookbook style has students follow a list of directions with every step
explained in detail from beginning to end, including the data analysis. The recurrent method adds
on to this method by asking the students to use their analysis to make a prediction of a similar
experiment with different initial parameters and then perform the new experiment to test their
prediction. In these two methods the teacher answers questions to help students perform the
experiment in front of them. The NGSS have students use available equipment to design their
own experiment, conduct their own analysis of the data, and then discuss with other students
their results to advance the knowledge of the group. In this method the teacher facilitates the
discussion but does not explicitly tell the students the answer.

5

Chapter 3: Methods
We will now discuss the work done for each section of the lab manual in the section
order as it is presented in the manual and the implementation of the survey.
We researched the history of each experiment from its concepts to the development of its
mathematical background, including the original scientists and later work by others who sought
to improve upon their work. We wrote a comprehensive paragraph that discusses the
understanding of the topic before the experiment was conducted, why the experiment was
performed, who performed the experiment, how it was performed, and the lasting impact it had
on science as a whole. The information contained in each history and theory section are written
from multiple sources as we could not find a resource which told the story of the work leading up
to the experiment and other works the experiment helped inspire. We kept the research to
reputable sources, such as textbooks, history books written by other scientists and Nobel
laureates, and articles written to catalogue the events surrounding the original experiments. A
notable example of this was the history and theory section written for the speed of light
experiment. The concept that light does not travel from one point to another instantaneously was
one that took more than 300 years of work by astronomers and physicists to measure with a high
amount of certainty and each scientist, Galileo, Roemer, Fizeau, Foucault, Newcomb, and
Michelson, all contributed in a major way to the measurement of the speed of light. We
researched each scientist, their work on the speed of light, and the resources that told the most
comprehensive story when only one scientist was being discussed. This means the background
information going into each history and theory section alone contains multiple resources that was
condensed down to give a factually accurate but broad overview of the material. There is enough
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information provided in this section for the students to search on their own if they want to know
more of the backstory to the experiments.
The pre-lab needed to be written so that students could understand the underlying math in
the experiment without having covered the topic in class. In the manufacturer pre-lab, students
were given equations mixed in with extra information regarding alternate apparatuses from the
makers and then had to sort out the equations that did not apply to the experiment being
performed. This made it important for the pre-lab section to relay helpful information while
keeping extraneous details to a minimum. Following the AAPT guidelines, it is necessary for the
students to use basic physics equations to derive the necessary equation(s) on their own. They
were given a section of their modern physics textbook to read that was applicable to the
apparatus and were told the specifications of the apparatus so they could apply the equations
properly. This work is a precursor to the main body of the experiment, the procedures, and will
also be used in the results and analysis section where the students apply the theoretical math to
determine if the results fit with their mathematical model.
The procedures were rewritten from the manufacturer-provided lab procedures to be
applicable to the changes made to the apparatus and experimental goals throughout the years
since our department acquired them. The manufacturer-provided procedure contained a clear
focus on the comparison to the accepted experimental value, and this is something that has
changed in the last few years in our department. We have made it a point to focus on the
repeatability of the experimental results, explaining the causes for any uncertainties in the data or
results, attempting to minimize them, and learning from the overall experience. With the AAPT
guidelines and the experimental design from Dr. Mikhail Agrest in mind, the cookbook
procedures were rewritten into a format in which the instructions are given in a small tutorial of

7

the apparatus and then the student applies that knowledge to perform the experiment. The tutorial
is given in the Preliminary Tests section and then the procedure is given in one of two ways:
either as a range of values to measure over, or in the case of a couple highly precise apparatuses,
some of the settings are given and the student has to set those values and then they can
manipulate the apparatus to gather data. Each experiment is designed to take at least a few
minutes to measure one complete data set, and once it is completed, they are instructed to take
the data again while applying what they learned the first time.
The method outlined in the NGSS where the student has minimal instruction in the
apparatus and has to perform an experiment and analysis with only a basic understanding of the
apparatus was applied to the Electron Diffraction lab. This experiment has the students measure
the diameter of two rings projected on a surface after being diffracted through a crystalline
structure with two different dimensions. Students were given the pre-lab as usual when first
learning about the concept, provided the schematic of the apparatus, and had to figure out what
was necessary to measure, graph, and analyze.
The students analyze their data using their work from the pre-lab to determine whether it
supports the theory and compare their data sets to determine its repeatability. The shorter
experiments provide a second part for the students to learn more about the experiment by
investigating a different aspect of the phenomena. An example of this is in the Photoelectric
Effect lab, where the students measure the stopping voltage of certain wavelengths of photons
given off by a mercury light source and then investigate how this is independent of the intensity
of the light produced by the source. There are also questions in each experiment for the students
to think beyond the experiment. An example of this is in the Atomic Spectra lab where students
measure the wavelengths of lines produced from several different elements and how their
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measurements compare with Balmer’s empirical formula, the Rydberg-Ritz formula, and Bohr’s
model of the hydrogen atom.
To compare the new lab manual to the previously used material from the manufacturer,
half of the new lab manual was used and the other half used the manufacturer labs. The history
and theory section was added to the manufacturer-provided experiments to provide a consistent
section order throughout the manual. The manufacturer experiments contained a pre-lab,
procedure, analysis, and conclusion sections like the new lab manual with the difference being
their application of the AAPT recommendations. This half-and-half lab manual was used in Fall
2017 and an experiment with similar difficulty and time requirements was chosen from the
manufacturer-provided experiments and the 2017 AAPT rewrite to be compared in the
evaluation. The two experiments chosen for this evaluation were The Photoelectric Effect and
Electron Diffraction. With the lab manual finished, it was evaluated for its effectiveness in
helping the students learn about, write a lab report, and perform the experiments.
The survey for Fall 2017 contained a series of questions asking students to rate the labs
on a Likert scale from 1 to 7 for its help in performing, writing, and providing additional insight
into class material; how their interest changed while reading each section of the manual; whether
there was a section whose presence was detrimental to the experiment; what the student thinks
the function of a lab manual is; and which sections the student read the most throughout the
semester. With feedback from this survey and university-collected course evaluations, the lab
manual was rewritten to help students perform each experiment, understand the significance of
each topic covered, and help them gain critical knowledge and skills for use in future labs and
careers.
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The second half of the new lab manual replaced the manufacturer experiments and an
additional change was made to the second experiment on the evaluation. The Electron
Diffraction lab was written to satisfy the NGSS lab format where the student is required to
discover what they are measuring and then analyze their data with minimal instructions.
The revised lab manual was evaluated in Fall 2018 with an additional comparison
between the 2018 AAPT format and our application of the NGSS.
The Fall 2017 and 2018 surveys were fully anonymous and no information was collected
that could identify the students. No incentives were given, and the students from the class
voluntarily participated in the survey, and they could leave at any time without penalty. The
surveys and a sample of the consent form used for the evaluation are provided in Appendices AC.
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Chapter 4: Results and Discussion
This section will discuss the data provided by the students who participated in the surveys
and it will be discussed after each figure has been presented. The questions will be discussed in
question order as they appear on the surveys in Appendices A and B. There were 14 students
who participated in 2017, and 11 students who participated in the 2018 survey. We will begin
with the 2017 results. The low number of participants also means that it is not possible to
establish statistical significance; however, the data concentration and averages will be compared
to each other and the effectiveness of each section will be discussed in relation to each format.
Standard deviations (SD) will mainly be discussed in the 2018 results for comparison purposes
with 2017 but will be discussed in single year cases when it adds to the discussion.
For reference, Experiment 4 is the Photoelectric Effect lab in the new format to satisfy
AAPT recommendations, and Experiment 7 is Electron Diffraction lab in the manufacturer
format with the addition of a history and theory section.
All of these figures will show data on a scale from 1 to 7 with 1–3 being not to slightly
useful, 4 being somewhat useful, and 5–7 being mostly to very useful. A concentration of values
in the 5–7 range show that there is a high usefulness to the section while values in 1–3 show that
this section has not achieved the desired goals and should be rewritten.
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2017 Results
Figures 1–4 show graphs of the data from the question “On a scale of 1–7, how useful
was each section when PERFORMING the experiment?”

Figure 1: 2017 History and Theory for Performing Experiments 4 and 7. “How useful was each
section when PERFORMING the experiment?”

This section has had two different effects for the students when performing the
experiment; for Experiment 4, it was quite helpful, and for Experiment 7, it left some students
confused. Six of the students thought it was quite helpful in some ways, while five students
thought it was not helpful or of minimal help with the experiment. This shows the difference
between a well written history and theory section with one that is not well written. The rating
averages in Table 2 for these experimental sections are 5.2 and 4.2, respectively, also showing a
need to rewrite the history and theory section for Experiment 7.
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Figure 2: 2017 Pre-lab for Performing Experiments 4 and 7. “How useful was each section when
PERFORMING the experiment?”

The new format to the pre-lab shows a slight increase in usefulness of the material with
the number of students rating the usefulness on the higher end being 10 as compared with the 6
students of the manufacturer provided pre-lab. The averages for this section comparison are 4.8
and 4.5, respectively. This shows that while there is an increase of students in the upper range,
they are concentrated close to 4 (somewhat useful) in both instances and do not provide a
noticeable increase in rating average. This inconclusive trend is seen in Table 2 with the SD
being 2.0 and 2.1. This section is rewritten in 2018 and is rated on average higher while having a
lower SD.

Figure 3: 2017 Experimental Procedure for Performing Experiments 4 and 7. “How useful was
each section when PERFORMING the experiment?”
13

The experimental procedure section for these two experiments show that both procedures
were about as equally helpful with the averages also being 6.3 and 6.1, respectively. The
difference in peak rating of 6 for Experiment 7 instead of at 7 for Experiment 4 could be due to
the changes to the manufacturer-provided procedure throughout the years. The procedure is still
applicable but not as clear as a procedure written specifically for the apparatus being used.

Figure 4: 2017 Results and Analysis for Performing Experiments 4 and 7. “How useful was each
section when PERFORMING the experiment?”

Figure 4 shows a different trend than what had been intended in the new manual where
the manufacturer section shows a higher concentration of ratings in the upper range while two
students rated the new Experiment 4 section as slightly useful. This is also seen in the Table 2
averages for Experiment 7 averaged 6.2, while Experiment 4 averaged 5.6. The SD echoes the
wide spread of ratings for Experiment 4 with a 1.5, while Experiment 7 had a 0.7 and suggests
the results and analysis for Experiment 4 could be written to be more useful. This is most likely
due to the additional details in the manufacturer-provided analysis section. We can use this
information to write an analysis section that relies more heavily on student work in the pre-lab to
achieve the same usefulness as the manufacturer-provided analysis section.
14

Table 2: 2017 Rating Averages and Standard Deviations for Performing Experiments 4 and 7.
“How useful was each section when PERFORMING the experiment?”
Usefulness in "Performing the Experiment" Averages
Section
Experiment 4 Std Dev in Expt 4 Experiment 7 Std Dev in Expt 7
History and Theory
5.2
1.6
4.2
2.4
Pre-lab
4.8
2.0
4.5
2.1
Expt Procedure
6.3
0.9
6.1
0.7
Results and Analysis
5.6
1.5
6.2
0.7

The new format was rated slightly higher than the manufacturer provided lab manuals
overall. The ratings between 5 and 7 for mostly to very useful showed a slightly better rating for
the new format with 35 students in this range while the manufacturer manual received 31 ratings
in this range. History and Theory was ignored for this comparison as this was a newly written
section for both experiments.
Figures 5-8 show graphs of the data from the question “On a scale of 1–7, how useful
was each section when WRITING the formal lab report?”

Figure 5: 2017 History and Theory for Writing Experiments 4 and 7. “How useful was each
section when WRITING the formal lab report?”

These two history and theory sections contained a different level of detail and this is
shown in the usefulness when writing the lab report. The difference in ratings is quite small with
Experiment 7 having more ratings at a 7 while Experiment 4 has more ratings at a 6 with fewer
ratings below that number. The averages for these two experiments in Table 3 also shows a
15

similar result with a 6.1 and 6.0 rating, respectively. The lab reports had a section where students
had to write a history of the experiment and both helped the students write the section to varying
degrees as it appears in Figure 6. The 4 rating in Experiment 4 and the 1 rating in Experiment 7
came from the same student who stated in later questions that they do not like history so reading
and writing the section was not something they appreciated.

Figure 6: 2017 Pre-lab for Writing Experiments 4 and 7. “How useful was each section when
WRITING the formal lab report?”

The pre-lab in Experiment 4 was slightly more useful in writing the lab report than the
manufacturer pre-lab as there are nine students who rated it in the 5–7 range as compared to the
seven students for Experiment 7. This is a small difference until you look at the lowest ratings
where Experiment 7 received two not useful ratings. The averages for these experiments was 4.8
and 4.4, respectively, that the pre-lab for Experiment 4 was slightly more useful in writing the
lab report than the manufacturer pre-lab.
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Figure 7: 2017 Experimental Procedure for Writing Experiments 4 and 7. “How useful was each
section when WRITING the formal lab report?”

The lab reports had a section where the students needed to give an account of how to
perform the experiment in their own words, and the extraneous information in the manufacturer
procedure appears to have had an adverse effect on the ratings it received. The new procedure
received more 7 ratings, while the manufacturer procedure received more 5 ratings. These ratings
still average out to nearly the same value with the experiments receiving a rating of 5.8 and 5.4,
respectively. This makes the new procedure slightly more useful in writing the lab report than the
manufacturer procedure.

Figure 8: 2017 Results and Analysis for Writing Experiment 4 and 7. “How useful was each
section when WRITING the formal lab report?”
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The results and analysis section for Experiment 4 has a single low rating, but Experiment
7 received two somewhat useful ratings. Upon averaging the data it leads to a rating of 5.9 for
both, showing that the results and analysis section could be improved to help students write their
lab reports analyses more effectively.
Table 3: 2017 Rating Averages and Standard Deviations for Writing Experiments 4 and 7. “How
useful was each section when WRITING the formal lab report?”
Usefulness in "Writing the Lab Report" Averages
Section
Experiment 4 Std Dev in Expt 4 Experiment 7 Std Dev in Expt 7
History and Theory
6.1
0.7
6.0
1.6
Pre-lab
4.8
1.5
4.4
2.0
Expt Procedure
5.8
1.2
5.4
1.2
Results and Analysis
5.9
1.3
5.9
1.0

The new format in Experiment 4 showed a slightly increased usefulness over the
manufacturer format in Experiment 7, with the new format receiving 33 ratings between 5 and 7
and the manufacturer format receiving 29 ratings. This is a four-student difference, but it showed
in the average rating. Again, the history and theory section has been ignored in this analysis
because it is a newly written section for both experiments. In general, the SDs were lower for
Experiment 4, showing more agreement with each other than ratings for Experiment 7 when
writing the lab report.
Figures 9–12 show graphs of the data from the question “On a scale of 1–7, how useful
was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into the material for
the Modern Physics class?”
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Figure 9: 2017 History and Theory for Providing Insight into class material. “How useful was
each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?”

The history and theory sections are effectively the same at providing additional insight
into the course as rated by the participants. They both received two low ratings, one somewhat
useful rating, and an equivalent number of mostly to very useful ratings. The only difference
between them is the number of ratings at 5 and 6 are flipped at two and four a piece. This caused
the averages in Table 4 to be 5.5 and 5.2, respectively, a very small difference in usefulness at
providing additional insight into class material.

Figure 10: 2017 Pre-lab for Providing Insight into class material. “How useful was each section
in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?”
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The averages for this section were 4.7 and 3.9, respectively, and this can be seen in the
difference in the number of low ratings the section received. The new format pre-lab took the
experiment into the context of other concepts and brought them all together in order to help the
student understand what was happening in the experiment. The manufacturer pre-lab discussed
other experiments in their catalogue while maintaining a high level of physics talk that made it
difficult for the average student who was just starting the intermediate physics courses.

Figure 11: 2017 Experimental Procedure for Providing Insight into class material. “How useful
was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class
material?”

The new format procedure in Experiment 4 has higher ratings overall in providing
additional insight into class material but still maintains a 4.9 average when compared with the
4.7 average for the manufacturer procedure in Experiment 7. This is likely due to the extra
information in the manufacturer procedure when it talks about other ways the experiment could
be performed, and while some students felt it was a useful learning tool, other students felt it
took away from their learning. The SD for Experiment 4 was lower than Experiment 7 and also
shows more agreement in ratings with each other in the ratings with values of 1.2 and 1.8,
respectively.
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Figure 12: 2017 Results and Analysis for Providing Insight into class material. “How useful was
each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?”

The results and analysis section for Experiment 4 received more ratings in the 5–7 range
than Experiment 7. This is probably due to the questions and additional help we wrote into the
section that we learned from years of helping students with the manufacturer-provided results
and analysis section. The averages in Table 4 also show that there was a slightly better rating
given to the new format with it receiving a 5.6 compared to the 5.3 for the manufacturer results
and analysis.
Table 4: 2017 Rating Averages and Standard Deviations for Providing Insight into class material.
“How useful was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into
class material?”
Usefulness in "Learning or Providing Additional Insight into class material" Averages
Section
Experiment 4 Std Dev in Expt 4 Experiment 7 Std Dev in Expt 7
History and Theory
5.5
1.7
5.2
2.0
Pre-lab
4.7
1.5
3.9
2.2
Expt Procedure
4.9
1.2
4.7
1.8
Results and Analysis
5.6
1.3
5.3
1.6

The 2017 AAPT format showed higher ratings overall for learning or providing
additional insight into class material than the manufacturer-provided sections, but the highest
ratings were close with Experiment 4 receiving 29 in the 5–7 range and Experiment 7 receiving
27. Six students rated the new format sections in the 1–3 range, while 13 students rated the
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manufacturer sections in this not useful to slightly useful range. All of the SDs were lower for
this question in Experiment 4, showing students agreed with the ratings of the others, and the
higher average ratings were echoed by more students than in Experiment 7.
Through these questions about performing, writing, and providing additional insight, the
survey shows the new format performed better than the manufacturer sections overall. There is
still room for improving the effectiveness of the sections and these revisions were implemented
in Fall 2018 and these results are given below.
The next question asks the student if there was a section they stopped reading during the
semester. This question was asked to see if there was a section the students thought was
unnecessary.
Five students responded that the history and theory section was not needed because they
either needed to research it again for their paper or it did not apply directly to the experiment.
Two students responded that the pre-lab was not needed to perform the experiment. One student
replied that the results and analysis section was not needed because everything was outlined in
the procedure. One student said the conclusion section questions were not motivating. One
student responded that the setup section was not needed because most of the experiments were
already set up for them. One student read all parts to make sure they did not miss any
information.
The question asking about the function of the lab manual will be discussed with the
information in the 2018 survey after all the 2018 questions have been discussed.
The next question asked which section they reread the most through the semester. The
purpose of this question was to see what the student was paying attention to the most in the
experiment, doing the experiment or understanding the concepts.
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Two students responded that they reread the history and theory section the most so they
could understand why they did the experiment, how it worked, and to understand the connection
between the experiment and the equations. Ten students responded that they reread the procedure
section the most because it was badly written, to understand what I was doing, to complete the
lab correctly, and because the instructions are important. Two students reread the results and
analysis section the most because it was very helpful with the experiment.
These two questions gave us more insight into how the students prepare for each
experiment and write their reports. Based on this feedback, we could tailor the history and theory
section and pre-lab to be more helpful and thought provoking to the students in the following
years. The responses to the reread question showed us the importance students place on the
procedure section while also showing that there are a few students who focus on the history and
theory of the experiment and also focus on the analysis of their data.
The next questions asked students to rate their change in interest level while reading each
section. This question was asked to gauge student interest in each section and whether the
student was more interested in the experiment after the experiment had been completed than
before they had performed it. The ratings are shown in Table 5.
Table 5: 2017 Change in Interest Level after Reading a section.
Interest Level
Abstract
History and Theory
Pre-lab
Expt Procedure
Results and Analysis
Conclusion

1 - Less
Interested
1
1

2

3

1
1
1
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4No Change
10
5
7
7
6
5

5
3
3
4
4
4

6
2
3
1
2
4

7 - More
Interested
1
3
2
1
2

The results from this question and the individual responses show that five out of the 14
students rated all areas between 3 and 5, indicating a slight-to-no change in their interest level
regardless of the section. The remaining students rated the sections in varying degrees of
increased interest with the exception of one student who rated the Abstract and Pre-lab sections
as making them less interested in the experiment. More than half of the students had interest
levels improved after reading at least two sections of the experiments.
The last question asked the students if there was a section they would change to improve
the experiment or to improve their understanding of the material.
The responses to improve the experiment were to reference other experiments in the
manual for additional help improve the procedures, three students said to expand or make the
results and analysis sections clearer, and two students said to remove or move the history section
to the index because it is not necessary for the experiment.
The responses to improve their understanding of the material were as follows: turn
conclusions into questions for additional understanding, increase the material in the history, and
expand on the results and conclusions.
This information is incorporated into the rewrite for the 2018 lab manual and survey and
the results are shown at the end of this chapter in Table 9.
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2018 Results
Experiment 4 is the Photoelectric Effect lab in the revised format to satisfy AAPT
recommendations and what was learned from the 2017 survey and Experiment 7 is the Electron
Diffraction lab in NGSS format with the plan to increase student learning during the experiment.
The question on writing the formal lab report has been removed due to a change in which
of the experiments require a lab report. As noted before the previous data comparison, there were
11 students who took this survey. This is not enough to establish statistical significance;
however, we will be comparing the concentration of the ratings and the averages to determine the
relative effectiveness of each section in answering the given question.
All of these figures will show data on a scale from 1 to 7. A rating between 1 and 3 being
not to slightly useful, 4 being somewhat useful, and 5–7 being mostly to very useful. A
concentration of values in the 5–7 range show that there is a high usefulness to the section while
values in 1–3 show that this section has not achieved the desired goals and should be rewritten.
Figures 13–16 show graphs of the data from the question “On a scale of 1–7, how useful
was each section when PERFORMING the experiment?”

Figure 13: 2018 History and Theory for Performing Experiments 4 and 7. “How useful was each
section when PERFORMING the experiment?” Experiment 4 is revised from the 2017 version,
and Experiment 7 was written in the NGSS form.
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The history and theory section for Experiment 4 shows more students rated it in the 5–7
range compared to Experiment 7, and this is seen in Table 6, where the averages are 4.9 and 4.3,
respectively. It also shows a similar data set to Figure 1, with no large change in average for
either experiment from 2017. The section in Experiment 7 shows a change in shape from 2017
with more students rating it evenly from 2 to 6 than the main peaks occurring at 1 and 7. The SD
backs this up with the same SD for Experiment 4 in 2017 of 1.6 and a decrease in SD from 2.4 in
2017 to 1.6 in 2018.

Figure 14: 2018 Pre-lab for Performing Experiments 4 and 7. “How useful was each section
when PERFORMING the experiment?” Experiment 4 is revised from the 2017 version and,
Experiment 7 was written in the NGSS form.

The data shows the pre-lab in Experiment 4 was better at helping the students perform the
experiment than the pre-lab in Experiment 7. This most likely shows that the section we chose
for the students to read in Experiment 7 was not as applicable to the apparatus as we had
planned. The average rating for this section shows this with an average of 5.7 and 4.6,
respectively. These graphs show a higher average for Experiment 4, a marginal increase in
average for Experiment 7 compared to Figure 2 in 2017, and lower standard deviations for both
experiments. The SD changed from 2.0 and 2.1 in 2017 to 1.2 and 1.4 in 2018. The average and
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SD show that Experiment 4 pre-lab was better this year than in 2017, and while the average for
Experiment 7 was unchanged, 4.6 compared to 4.5 in 2017, the decrease in SD shows the
students were not as divided in their ratings for this section as they were with the manufacturer
pre-lab.

Figure 15: 2018 Experimental Procedure for Performing Experiments 4 and 7. “How useful was
each section when PERFORMING the experiment?” Experiment 4 is revised from the 2017
version, and Experiment 7 was written in the NGSS form.

We expected the procedure in Experiment 7 to receive lower ratings than Experiment 4 as
there was less direction given in Experiment 7 because this was supposed to be an experiment
where the student needed to make their own procedure while being given a minimum amount of
help. This is shown in the graph and the averages with students rating Experiment 4 with a 5.6
and Experiment 7 with a 4.5. With the feedback from the free response questions and these
ratings, we should be able to improve the usefulness of the section while maintaining the inquirynature of the lab. The averages for both of these labs decreased from 2017, but we will be tuning
the lab manual for students in the future with their feedback. The SD for experiment 4 increased
slightly from 0.9 to 1.0, while Experiment 7 increased from 0.7 to 1.6. This shows what we had
expected for Experiment 7, and the answers from students below in the free-response discussion.
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Figure 16: 2018 Results and Analysis for Performing Experiments 4 and 7. “How useful was
each section when PERFORMING the experiment?” Experiment 4 is revised from the 2017
version, and Experiment 7 was written in the NGSS form.

Experiment 4 results and analysis shows it was more useful in helping the students
analyze their data than the NGSS form of Experiment 7. This is most likely due to there being
minimal instruction in Experiment 7, as the students needed to perform their own analysis from
the pre-lab. This is repeated in the averages where Experiment 4 received a 5.3 and Experiment 7
a 4.5. With the focus of NGSS being on the student making their own analysis, there are only a
couple things we could implement in the current section without guiding the students directly.
The possible changes will be discussed in the free-response discussion. The SD for Experiment 4
was unchanged while Experiment 7 increased from 0.7 in 2017 to 1.6. We believe the free
response answers will assist in the crafting of a results and analysis section that will help students
without telling them how to analyze their data.
Table 6: 2018 Rating Averages and Standard Deviations for Performing Experiments 4 and 7.
“How useful was each section when PERFORMING the experiment?”
Usefulness in "Performing the Experiment" Averages
Section
Experiment 4 Std Dev in Expt 4 Experiment 7 Std Dev in Expt 7
History and Theory
4.9
1.6
4.3
1.6
Pre-lab
5.7
1.2
4.6
1.4
Expt Procedure
5.6
1.0
4.2
1.6
Results and Analysis
5.3
1.4
4.5
1.6
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The sections in the 2018 AAPT format received higher usefulness ratings than the NGSS
format. We still plan to use the NGSS format in the future, but we need to reevaluate how to
accomplish this task to improve student perception of the format.
Comparing Table 6 in 2018 to Table 2 in 2017, we see that there is no change in the
history and theory rating, the pre-lab rating increased for Experiment 4 in 2018, and the
experimental procedures and results/analysis sections both decreased in rating. As Experiment 4
was revised from the feedback in 2017 to make it more useful to students, we attribute the
decrease in these ratings were due to a different set of students taking the lab. The decrease in
ratings for Experiment 7 were most likely due to the format of NGSS where the students have to
perform the experiment on their own without help and this is completely different from what
they have been doing in every lab up to modern physics. We can improve our implementation of
the NGSS to help the students perform the experiment while still requiring them to make their
own procedure and analysis in two ways. The first way is to provide more information in the
form of hints without telling them explicitly what they are supposed to do and the second is to
include an additional piece to the pre-lab that will get them thinking about the necessary math
they need to use in their analysis.
Figures 17–20 show graphs of the data from the question “On a scale of 1–7, how useful
was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into the material for
the Modern Physics class?”
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Figure 17: 2018 History and Theory for Providing Insight into class material. “How useful was
each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?”
Experiment 4 is revised from the 2017 version, and Experiment 7 was written in the NGSS form.

The ratings for Experiment 4 were higher overall than Experiment 7 at providing
additional insight. Possible reasons for this will be discussed in the free response survey section
discussion. The averages for this section were 5.5 and 4.5, respectively. The SD for both
experiments decreased from 2017 and show that while the average for Experiment 4 was
unchanged and Experiment 7 was rated lower, there was more agreement with ratings this year.

Figure 18: 2018 Pre-lab for Providing Insight into class material. “How useful was each section
in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?” Experiment 4 is
revised from the 2017 version, and Experiment 7 was written in the NGSS form.
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The pre-lab for Experiment 4 shows that its pre-lab provided more insight into the class
than the pre-lab in Experiment 7. This echoes the results from Figure 14, where the pre-lab could
have been chosen better in relation to the apparatus, experiment, and what was being taught in
class. The averages from Table 7 are 5.4 and 4.1, respectively, and show the same result that the
pre-lab provided less insight into the class material than the one chosen for Experiment 4. The
averages listed for this pre-lab show an increase in value over their partners in 2017 and the SD
decreased for both, showing that the pre-labs were better chosen than in the previous year.

Figure 19: 2018 Experimental Procedure for Providing Insight into class material. “How useful
was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class
material?” Experiment 4 is revised from the 2017 version, and Experiment 7 was written in the
NGSS form.

Experiment 4 shows higher ratings for providing additional insight into the course than
the procedure in Experiment 7. This is most likely due to the procedure in Experiment 7 being
written for the students to make their own procedure and only giving them a start to the values
they needed to measure. This would cause the procedure in the NGSS format to be rated lower in
relation to Experiment 4. This means the details given in Experiment 4 help the students in their
class, while making their own procedure for Experiment 7 does not help them gain this insight.
The averages show the same result with the 2018 AAPT being rated 5.5 and the NGSS 4.3. The
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average increased for Experiment 4 from 4.9 in 2017 to 5.5 and SD slightly decreased from 1.2
to 1.1, showing it was more useful in providing insight into the course than the procedure in
2017.

Figure 20: 2018 Results and Analysis for Providing Insight into class material. “How useful was
each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into class material?”
Experiment 4 is revised from the 2017 version, and Experiment 7 was written in the NGSS form.

Experiment 4 results and analysis helped the students recognize when their data was not
in agreement with the concept being tested. Experiment 7 told the students how many graphs
they needed to create and that they needed to figure out what the slope of the graph represented.
This made it difficult for the students to gain additional insight into the course, but the work done
by students helped them gain some insight into course material as they still rated it somewhat
useful. The averages show this with ratings of 5.4 and 4.5, respectively. The SD were mostly
unchanged from 2017.
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Table 7: 2018 Rating Averages and Standard Deviation for Providing Insight into class material.
“How useful was each section in LEARNING or PROVIDING ADDITIONAL INSIGHT into
class material?”
Usefulness in "Learning or Providing Additional Insight into class material" Averages
Section
Experiment 4 Std Dev in Expt 4 Experiment 7 Std Dev in Expt 7
History and Theory
5.5
1.3
4.5
1.7
Pre-lab
5.4
1.1
4.1
1.6
Expt Procedure
5.5
1.1
4.3
1.5
Results and Analysis
5.4
1.3
4.5
1.4

Experiment 4 in the revised format from 2017 was rated higher in usefulness for
providing additional insight into the course than Experiment 7 in the NGSS format. This is most
likely due to the removal of key information that we thought the students would be able to figure
out on their own. We could improve our implementation of the NGSS by giving slightly more
information in the lab manual in the form of hints to help the students understand what
measurements they are performing and what their graphs mean. This helps change how they look
at concepts in class and help them find ways they could measure certain quantities in other labs.
Comparing the averages and SDs to Table 4 in 2017, Experiment 4 improved on the
previous experiment in providing additional insight into the course, while Experiment 7 saw no
change for the average in the pre-lab and lower ratings in the other sections. The SD for this
experiment decreased from 2017, showing the students were less divided about how they rated
the sections. These two points for Experiment 7 show that the manufacturer experiments
provided more insight into class material than our implementation of the NGSS, and we can
improve on how we implement these standards to improve insight without leaving students
frustrated.
The next three questions asked students to determine which experiment they learned
more by reading, performing, and which they felt required them to think more when preparing,
performing, and analyzing the experiment.
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Table 8: 2018 Comparison between the Two Experiment Styles. Which experiment did the
student learn more by reading the experiment, performing the experiment, and which experiment
did the student have to think more when preparing, performing and analyzing the experiment.
Question
Learn more by Reading
Learn more by Performing
Required to think more

Expt 4
6
3
1

Equal
3
2
3

Expt 7
2
6
7

Table 8 shows that most of the students learned Experiment 4 by reading the manual, and
they learned Experiment 7 by performing it. The intention of this lab manual was for the students
to learn all of the experiments by performing them. This answer that went counter to our
intention, and the result could be due to the comparison with Experiment 7 because it relied
heavily on the student learning the experiment by performing it. The third question showed the
result we had expected when applying the NGSS format to Experiment 7 where the students
needed to think about the experiment more in order to prepare, perform, and analyze the
experiment.
The follow-up to the third question asked students to state why they responded with that
experiment. The student who marked Experiment 4 did not respond. The students who thought
they required an equal amount of thinking answered that the equipment for Experiment 4 was
completely new to them, and the other response was they still do not understand the material for
Experiment 7. The students who answered that Experiment 7 required them to think more
answered as follows: it was too ambiguous, had to go to the textbook for more information and
details, had to design own procedure and analysis but it was not overwhelming, required them to
figure it out on their own with minimal professor help, was less obvious as to the goals, and it
required more time; students felt Experiment 4 was better explained than Experiment 7, and
three students did not answer.
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These ratings and responses were expected with the implementation of the NGSS as most
of the students had not designed their own experiment before taking this lab. We will be
considering changes like providing hints in the results and analysis or an addition to the pre-lab
in the future for the inquiry-based lab to make it a rewarding experience for the students.
The next question asked the students if there was a section they would change to improve
the experiment and the responses were as follows: all of Experiment 7, elaborate on pre-lab and
procedure, some history and theory sections felt redundant with the pre-lab, organization of the
material as some details were read after they would have been useful, and some of the pre-labs
were unnecessary.
The next question was about changing a section of the lab manual to improve their
understanding of the material. Its responses were as follows: give a summary in the conclusion
section about what was done, including a troubleshooting section, and two students responded
that more needed to be added to Experiment 7.
These responses will be considered in future revisions of the lab manual to help students
in the Modern Physics laboratory.
The next question asked students how their interest level changed after reading each
section of the experiments. This was done with a Likert scale from 1 to 7 with 1 being less
interested, 4 showing no change in interest level, and 7 being more interested. Table 9 shows the
student ratings.
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Table 9: 2018 Change in Interest Level after Reading a section.
Interest Level
Abstract
History and Theory
Pre-lab
Expt Procedure
Results and Analysis
Conclusion

1 - Less
Interested

2

3
1

1

1

4No Change
5
4
4
3
2
3

5

6

3
2
4
2
4
3

2
3

7 - More
Interested

3
4
2

1
2

The results from this question suggest that the students were at least slightly more
interested in the experiment after reading every section as seven of the ten students responded
with a rating of 5 or higher after reading at least three of the sections. Two of the ten students
responded with no change to all six sections. The tenth student responded with three 4 and two 6
ratings, marking an increase in interest in the experiment due to the history/theory and
results/analysis sections. Comparing this data to the 2017 data, we see that student interest has
increased on average with relatively more students responding higher than a 4 on the question.
We plan to further increase student interest in the experiments with future revisions in a
couple ways. This can be done by increasing the relatability of the history and theory section to
the student experience of learning or needing to figure out new concepts. It can also be done by
increasing student engagement in performing the experiment so they don’t feel like they are
performing a set of instructions but are instead engaged in the data taking and subsequent
analysis.
The final question we will discuss from the survey was about what the students think the
lab manual is for. A rating of 1 is understanding the experiment and a rating of 7 is performing
the experiment. Students who rated this question as a 4 felt that both are equally important. The
ratings from both years is shown in Figure 21.
36

Figure 21: 2017 and 2018 Data on the Function of a Lab Manual. 1 is Understanding the
Experiment, 7 is Performing the Experiment, and 4 meaning both are equally important.

The results to this question are centered around both being equally important. In 2017,
seven students out of 14 rated the function being for performing the experiment with five saying
that the manual helping to understand the experiment is more important. In 2018, six out of the
11 students responded its purpose is to help perform the experiment, and four said its purpose
was to understand the experiment. The answers in the 2018 survey could be due to student
perception of Experiment 7, but we cannot be certain. Overall, the average rating for this
question is 4.4 and 4.1, respectively, and in fact shows the 2018 results are closer to even
between the two responses. Looking at both average ratings we can see that the students rated the
function of the lab manual slightly on the side of performing the experiment and it is not enough
of a difference to show any significance. The SD were the same value at 1.8 and show the data
had a similar spread overall.
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Chapter 5: Conclusion
Through the analysis and discussion of the data in the Results section, the 2018 revised
lab manual successfully improved upon the 2017 lab manual but did not effectively implement
an inquiry-based lab. The successful implementation was seen in Experiment 4, where the 2017
and 2018 versions were evaluated higher than the manufacturer provided Experiment 7 overall,
but this improvement was not seen in the inquiry-based experiment version of experiment 7.
Experiment 7 can be improved in multiple ways to increase student reception and performance.
In this experiment, students had to measure the distance from a graphite lattice at one end of the
vacuum chamber to the projected rings of light at the opposite end of the chamber where they
would measure the diameters of the two projected rings. Students had difficulty connecting their
measured distances and diameters to an angle of diffraction and then the diameter of the
diffracting material. One of the ways to improve the experiment is to have students read about
diffraction of light where Young’s double slit experiment is an example of a possible reading and
focus on his use of distances and angles in relation to the wavelength of light. Another way to
improve Experiment 7 would be to mention calculating an angle and relating it to an independent
variable the students controlled in the experiment, the variable being the input voltage. The
objective of these two examples would be for students to look at the diffraction point and
calculate the two diameters of the crystalline graphite from the angle and input voltage.
Student responses to the question “What function of the lab manual is more important:
helping you to understand the concepts that are the basis of the experiment or helping you to
understand how to perform the experiment?” were that both are equally important for the lab
manual. This is a point we will measure in successive evaluations to see how student views
change in future years.
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The future plans for the lab manual would be to increase the number of inquiry-based
experiments with the new experiment most likely being the Atomic Spectra lab due to its
emphasis on observations and comparison to other work that has been recorded in an online
database. This experiment may also be combined with the Blackbody Radiation lab to create a
comprehensive look at spectroscopy in multiple forms.
An additional experiment that will be made in the next year will be on that focuses on
muon decay. The apparatus will be created by a student in physics at EMU for use in the Modern
Physics laboratory.
Additional work would be to accumulate a larger sample size by evaluating the
effectiveness of the lab manual to establish statistical significance and also to measure the
changing views of students throughout successive years in the intermediate physics courses at
EMU.
Other additional work can be done to study how the students who take this laboratory
course with its focus on laboratory skills, lab notebooks, and experimental design perform in
future lab courses. There is a study currently being done by a graduate student in our physics
department to test the lab skills of our students and it will be interesting to see how this
laboratory experience helps students who take the course.
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Appendix A:
2017 Lab Manual Evaluation Form
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For reference during this evaluation, labs 4 (The Photoelectric Effect) and 7 (Electron Diffraction)
are provided for your review.
Circle a single number per item, where 1 is Not Very Useful and 7 is Very Useful.

On a scale of 1 – 7, how useful was each section when PERFORMING Experiment 4?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Not
Useful
1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

Very
Useful
7
7
7
7
7

How useful was each section when WRITING the formal lab report for Experiment 4?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Not
Useful
1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

Very
Useful
7
7
7
7
7

How useful was each section in Experiment 4 in LEARNING or PROVIDING ADDITIONAL INSIGHT
INTO the material for the Modern Physics class (PHY 370)?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Not
Useful
1
1
1
1
1

2
2
2
2
2

3
3
3
3
3
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4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

Very
Useful
7
7
7
7
7

How useful was each section when PERFORMING Experiment 7?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis

Not
Useful
1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

6
6
6
6

Very
Useful
7
7
7
7

How useful was each section when WRITING the formal lab report for Experiment 7?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis

Not
Useful
1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

6
6
6
6

Very
Useful
7
7
7
7

How useful was each section in Experiment 7 in LEARNING or PROVIDING ADDITIONAL INSIGHT
INTO the material for the Modern Physics class (PHY 370)?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis

Not
Useful
1
1
1
1

2
2
2
2

3
3
3
3

46

4
4
4
4

5
5
5
5

6
6
6
6

Very
Useful
7
7
7
7

What function of the lab manual is more important: helping you to understand the concepts
that are the basis of the experiment, or helping you to understand how to perform the experiment?
Understanding
the
Experiment
1

2

3

Both are
Equally
Important
4

5

6

Performing
the
Experiment
7

During the semester, was there a section of the manual that you stopped reading? If yes, why
did you stop reading that section?

During the semester, was there a section of the manual that you reread the most? If yes, which
section was it and why?
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After reading each section of the manual, did your level of interest in the experiment change or
stay the same?
Section
Abstract
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Less
interested
1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

Did not
change
4
4
4
4
4
4

5
5
5
5
5
5

6
6
6
6
6
6

More
interested
7
7
7
7
7
7

Is there a section of the manual you would take out or expand upon to IMPROVE THE
EXPERIMENTS?
(Write your answer below)

Is there a section of the manual you would take out or expand upon to IMPROVE YOUR
UNDERSTANDING of the material?
(Write your answer below)
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For reference during this evaluation, labs 4 (The Photoelectric Effect) and 7 (Electron Diffraction)
are provided for your review.
Circle a single number per item, where 1 is Not Very Useful and 7 is Very Useful.

On a scale of 1 – 7, how useful was each section when PERFORMING Experiment 4?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Not
Useful
1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

Very
Useful
7
7
7
7
7

How useful was each section in Experiment 4 in LEARNING or PROVIDING ADDITIONAL INSIGHT
INTO the material for the Modern Physics class (PHY 370)?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Not
Useful
1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

Very
Useful
7
7
7
7
7

6
6
6
6

Very
Useful
7
7
7
7

How useful was each section when PERFORMING Experiment 7?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis

Not
Useful
1
1
1
1

2
2
2
2

3
3
3
3
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4
4
4
4

5
5
5
5

How useful was each section in Experiment 7 in LEARNING or PROVIDING ADDITIONAL INSIGHT
INTO the material for the Modern Physics class (PHY 370)?
Section
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis

Not
Useful
1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

6
6
6
6

Very
Useful
7
7
7
7

Which lab did you learn more by READING the experiment?
Experiment 4
1

They Were Equal
2

Experiment 7
3

Which lab did you learn more by PERFORMING the experiment?
Experiment 4
1

They Were Equal
2

Experiment 7
3

Which lab did you feel required to think more overall when preparing, performing, and
analyzing the experiment?
Experiment 4
1

They Were Equal
2

Experiment 7
3

Follow-up to the previous question: What about the experiment made you think about it more
than the other or an equal amount for both experiments? Was it the material, format, length of
experiment, details, etc. Please explain your answer.
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What function of the lab manual is more important: helping you to understand the concepts
that are the basis of the experiment, or helping you to understand how to perform the experiment?
Understanding
the
Experiment
1

2

3

Both are
Equally
Important
4

5

6

Performing
the
Experiment
7

During the semester, was there a section of the manual that you stopped reading? If yes, why
did you stop reading that section?

During the semester, was there a section of the manual that you reread the most? If yes, which
section was it and why?
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After reading each section of the manual, did your level of interest in the experiment change or
stay the same?
Section
Abstract
History and Theory
Pre-lab
Experimental Procedure
Results and Analysis
Conclusion

Less
interested
1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

Did not
change
4
4
4
4
4
4

5
5
5
5
5
5

6
6
6
6
6
6

More
interested
7
7
7
7
7
7

Is there a section of the manual you would take out or expand upon to IMPROVE THE
EXPERIMENTS?
(Write your answer below)

Is there a section of the manual you would take out or expand upon to IMPROVE YOUR
UNDERSTANDING of the material?
(Write your answer below)
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Informed Consent Form
The person in charge of this study is Brendan Pickard, a student at Eastern Michigan
University, and will be referred to as the “investigator” throughout this form. His
faculty adviser is Dr. Jonathan Skuza.
Purpose of the study
The purpose of this research study is to evaluate the new PHY 372 Modern Physics
Laboratory manual, revise the manual from anonymous feedback, and to write a
Masters thesis about its writing and implementation. This research is unfunded.
What will happen if I participate in this study?
Participation in this study will take 5–10 minutes to complete and involves
responding to a series of questions pertaining to performing experiments, writing
lab reports, and learning material related to the PHY 372 course. We will not see
this form until after grades have been submitted. Your participation or refusal to
participate will not affect your grade in the course.
What are the anticipated risks for participation?
There are no anticipated physical or psychological risks to participation.
Are there any benefits to participating?
You will not directly benefit from participating in this research and participation in
this research will not affect your grade in this class.
What are the alternatives to participation?
The alternative is to not participate.
Are there any costs to participation?
Participation in this study will not cost you anything.
Will I be paid for participation?
You will not be paid to participate in this research study.
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How will my information be kept confidential?
These are anonymous evaluations, so as long as you do not write your name on any
of the evaluation pages it will not be possible to identify the writer.
Evaluation sheets and accompanying information will be kept by the investigator
until after final grades are entered (December 20, 2018). After this time, they will be
stored in a file drawer in Dr. Skuza’s locked office.

Study contact information
If you have any questions about the research, you can contact the Principal
Investigator, Brendan Pickard, at bpickard@emich.edu or by phone at 248-7525280. You can also contact Brendan’s adviser, Dr. Skuza, at jskuza@emich.edu or by
phone at 734-487-8797.
For questions about your rights as a research subject, contact the Eastern Michigan
University Human Subjects Review Committee at human.subjects@emich.edu or by
phone at 734-487-3090.

Voluntary participation
Participation in this research study is your choice. You may refuse to participate at
any time, even after filling out the evaluation form, with no penalty or loss of
benefits to which you are otherwise entitled. You may choose to leave the study at
any time with no loss of benefits to which you are otherwise entitled. You may
refuse to participate and still take this course.

Statement of Consent
I have read this form. I have had an opportunity to ask questions and am satisfied
with the answers I received. By completing the evaluation, I give my consent to
participate in this research study.
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Experiment 4
Photoelectric effect
You will investigate the quantum nature of light and directly measure Planck’s constant ℎ by
conducting the famous photoelectric effect experiment.

4.1 History and Theory
The photoelectric effect was first experimentally verified by Hertz in 1887 and theoretically explained by
Albert Einstein in 1905. Einstein received the Nobel Prize in Physics in 1921 for his simplistic, yet
revolutionary, explanation of the quantum nature of light. These experimental results contradicted those
predicted by classical physics and the wave-nature of electromagnetic (EM) radiation. The experiment is
simple: shine EM radiation (i.e., light) on a metal surface in vacuum, which ejects electrons from the
metal’s surface. Classical physics held that the intensity and frequency of the light contributed to electrons
being ejected from the metal’s surface. But, experiments showed that if the frequency of the light was too
low, it did not matter how intense the light was, electrons were never ejected! This puzzled scientists at the
time and contributed to the development of quantum mechanics that was burgeoning during this period.

4.2 Pre-Laboratory Preparation
Please complete this section PRIOR to your assigned laboratory section. It may be verified BEFORE you
are allowed to begin the experiment and should be documented in your lab notebook.
First, read about the Photoelectric effect in Section 3-3 of your Modern Physics textbook (pp. 131–137)
and make sure you understand the theory.
These are the physical constants that you will need for the photoelectric effect. Write down their values
to the most significant digit that is known and please do not forget units.
Planck’s constant

h = ________________________________________ .
h = ________________________________________ .

Charge on the electron

e = ________________________________________ .

Speed of light

c = ________________________________________ .
hc = ________________________________________ .
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h/ e = ________________________________________ .

Please complete the following table using the well-known relationship between wavelength, frequency, and
energy of electromagnetic radiation (i.e., light).
Table 1 Spectral lines of Mercury (Hg) that will be measured in this experiment.
Color

Wavelength, 
(nm)

Orange

578

Green

546.074

Blue

435.835

Violet

404.656

Ultraviolet

365.483

Frequency, 
(Hz)

Energy, E
(eV)

4.1 Experimental procedure
4.1.1

Important considerations

Please be aware of these important aspects while doing the experiment.
(1) Block light from entering the photodiode with black paper when you are not taking data.
(2) Turn the Hg lamp on to warm up approximately 10 minutes BEFORE you take data. Leave the lamp
on until you complete the experiment. DO NOT turn the lamp on and off repeatedly.
(3) Make sure the room is relatively dark when you take data. Stray light will affect your results.
(4) Make sure each Hg spectral line is focused on the photodiode before a measurement. Move the light
shield (cylindrical tube). You should be able to see the photodiode (black squares behind a white
mask). Your spectral lines should be focused here by moving the position of the lens/ grating
assembly.
(5) Turn ON the voltmeter and power to the photodiode circuit.
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(1) Make sure to ZERO the photodiode before each measurement.
(2) Make sure to use the orange and green filters when measuring those spectral lines.

4.1.1

Experimental setup
The experiment should be already set up for you as shown in Fig. 1 below.

Fig. 1 The experimental setup for the photoelectric effect. [i]

4.1.2

Preliminary tests

Make sure every component of the apparatus is working correctly before you begin collecting your data.
1) Check the 9V batteries that power the op-amp (AD549 ultralow input bias current) in the
photodiode circuit. Measure between the Output Ground (black) and each ± 6V Battery Test
terminal (blue) by using the voltmeter (see Error! Reference source not found.). A minimum
of ± 6V is required for each battery.

[i] E. Ayar and D. Griffith, Instruction Manual and Experiment Guide for the PASCO Scientific Model AP9368 and AP-9369 (Roseville, CA, 1989).
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Fig. 1 Photodiode housing showing the electrical connections to test the batteries. [i]

1) Align the lens/ grating assembly such that the diffracted lines are in focus at the photodiode
(approximately at center of photodiode housing). You will observe an incident (non-diffracted)
beam that is white/ yellow 𝑚 = 0 . You will also observe the first-order 𝑚 = ±1 and secondorder 𝑚 = ±2 diffracted beams to each side of the grating. We will use the first-order diffracted
beams. You must figure out which set of beams to use (i.e., either the left or right side). One set
should appear brighter and sharper than the other; use these.

4.1.1

Experiment 1: Measurement of h/ e

The first experiment that you will perform is the measurement of Planck’s constant divided by the charge
of the electron ℎ 𝑒 . This quantity must be measured to within 10% of its accepted value and can be
measured to better than 5% if you are meticulous.
You will measure the stopping voltage 𝑉0 of the photoelectrons that are ejected from the metal cathode
in the photodiode circuit, which is equivalent to their maximum kinetic energy 𝐸𝐾 . These quantities are
related to the energy of the photons ℎ𝜈 and the work function of the cathode 𝜙 via
𝐸𝐾 = 𝑒𝑉0 = ℎ𝜈 − 𝜙 .

One can rearrange this equation by dividing through by the charge of the electron 𝑒 to get
ℎ
𝜙
𝜈− .
𝑒
𝑒
This equation is identical to that of the linear function 𝑦 = 𝑏𝑥 + 𝑎, such that by plotting 𝑉0 vs. 𝜈, you can
obtain the value of ℎ/𝑒 from the slope.
𝑉0 =

1) Take a few sets of measurements to ensure reproducibility of your results.
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1) There could be multiple reasons for variations in your data. Figure out why and correct it.

4.1.1

Experiment 2: Light intensity and stopping voltage

The second experiment that you will perform is to see how the intensity of the light affects the stopping
voltage 𝑉0 of the photoelectrons that are ejected from the metal cathode in the photodiode circuit. You
will use the intensity (neutral density) filter and the blue diffraction line to see if the stopping voltage varies
as the intensity is changed.
1) Take a few sets of measurements to ensure reproducibility of your results.
2) There could be multiple reasons for variations in your data. Figure out why and correct it.

4.2 Results and analysis
You should have a set of data for each experiment outlined above. Be sure to represent your data in
tabulated and graphical forms with errors and fits.
Do your data from both experiments support the quantum nature of light? Why or why not?

4.3 Conclusion
Here are some thoughtful questions that you should now be able to answer. Please do so in your lab
notebook.
1) What is the work function of the photocathode?
2) What happens if you measure the wrong set of diffraction lines?
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Experiment 7
Electron diffraction
7.1 History and theory
The experiments so far have dealt with electrons acting as particles. This is due to the need of the
particle nature of electrons to be understood before they could be understood as a wave. It had been
observed that light, being made of photons, exhibited both wave-like and particle-like properties. In 1924,
Louis de Broglie extended this behavior to electrons from the observation that photons are released when
an electron loses its discrete amount of energy. This behavior was observed three years later by George
Thomson and Clinton Davisson when they passed a beam of electrons through a crystalline substance.
Their work was performed independent of each other and both observed the predictable interference
patterns of the electron wave diffracting through the crystalline structure.

7.2 Pre-laboratory preparation
Please complete this section PRIOR to your assigned laboratory section. It may be verified BEFORE you
are allowed to begin the experiment and should be documented in your lab notebook.
First, read about deBroglie wavelengths and the Davisson-Germer experiment in Sections 5-1 and 5-2 of
your Modern Physics textbook (pp. 193–204). You may also find it useful to consult Section 39.1 (pp.
1279–1282) in your PHY 223/ 224 “University Physics” (14th edition) textbook.
Second, try to understand the equations used in this section.

7.3 Experimental procedure
7.3.1

Important considerations

Please be aware of these important aspects while doing the experiment.
1) DO NOT go over an acceleration voltage of 5.0 kV!
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1) Only have the acceleration voltage ON when taking data.

7.1.1

Experimental setup
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7.1 Results and analysis
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Experiment 1
Photoelectric effect
You will investigate the quantum nature of light and directly measure Planck’s constant
ℎ by conducting the famous photoelectric effect experiment.

1.1 History and Theory
The photoelectric effect was first experimentally verified by Hertz in 1887 and
theoretically explained by Albert Einstein in 1905. Einstein received the Nobel Prize in Physics
in 1921 for his simplistic, yet revolutionary, explanation of the quantum nature of light. These
experimental results contradicted those predicted by classical physics and the wave-nature of
electromagnetic (EM) radiation. The experiment is simple: shine EM radiation (i.e., light) on
a metal surface in vacuum, which ejects electrons from the metal’s surface. Classical physics
held that the intensity and frequency of the light contributed to electrons being ejected from
the metal’s surface. But, experiments showed that if the frequency of the light was too low, it
did not matter how intense the light was, electrons were never ejected! This puzzled scientists
at the time and contributed to the development of quantum mechanics that was burgeoning
during this period.
71

1.1 Pre-Laboratory Preparation
Please complete this section PRIOR to your assigned laboratory section. It may be
verified BEFORE you are allowed to begin the experiment and should be documented in
your lab notebook.
First, read about the Photoelectric effect in Section 3-3 of your Modern Physics
textbook (pp. 131–137) and make sure you understand the theory.
These are the physical constants that you will need for the photoelectric effect. Write down
their values to the most significant digit that is known and please do not forget units.

Planck’s constant

h = ________________________________________ .
ℏ = ________________________________________ .

Charge on the electron

e = ________________________________________ .

Speed of light

c = ________________________________________ .

hc = ________________________________________ .

h/ e = ________________________________________ .
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Please complete the following table using the well-known relationship between wavelength,
frequency, and energy of electromagnetic radiation (i.e., light).

Table 1 Spectral lines of Mercury (Hg) that will be measured in this experiment.
Color

Wavelength, 
(nm)

Orange

578

Green

546.074

Blue

435.835

Violet

404.656

Ultraviolet

365.483

Frequency, 
(Hz)

Energy, E
(eV)

1.1 Experimental procedure
1.1.1

Important considerations

Please be aware of these important aspects while doing the experiment.
(1) Block light from entering the photodiode with black paper when you are not taking
data.
(2) Turn the Hg lamp on to warm up at least 20 minutes BEFORE you take data. Leave
the lamp on until you complete the experiment. DO NOT turn the lamp on and off
repeatedly.
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(1) Make sure the room is relatively dark when you take data. Stray light may affect your
results.
(2) Make sure each Hg spectral line is focused on the photodiode before a measurement.
Move the light shield (horizontal, cylindrical tube). You should be able to see the
photodiode (black squares behind a white mask). Your spectral lines should be focused
here by moving the position of the lens/ grating assembly and pivoting the photodiode
housing on its mount. Alignment is paramount!
(3) Turn ON the voltmeter and power to the photodiode circuit.
(4) Make sure to ZERO the photodiode before each measurement.
(5) Make sure to use the orange and green filters when measuring those particular spectral
lines.

1.1.1

Experimental setup
The experiment should be already set up for you as shown in Error! Reference source

not found. below.
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Fig. 1 The experimental setup for the photoelectric effect. [1]

1.1.1

Preliminary tests
Make sure every component of the apparatus is working correctly before you begin

collecting your data.
1) Check the 9V batteries that power the op-amp (AD549 ultralow input bias current)
in the photodiode circuit. Measure between the Output Ground (black) and each
± 6V Battery Test terminal (blue) by using the voltmeter (see Error! Reference
source not found.). A minimum of ± 6V is required for each battery.

[1] E. Ayar and D. Griffith, Instruction Manual and Experiment Guide for the PASCO
Scientific Model AP-9368 and AP-9369 (Roseville, CA, 1989).
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Fig. 1 Photodiode housing showing the electrical connections to test the batteries. [1]

1) Align the lens/ grating assembly such that the diffracted lines are in focus at the
photodiode (approximately at center of photodiode housing). You will observe an
incident (non-diffracted) beam that is white/ yellow 𝑚 = 0 . You will also observe
the first-order 𝑚 = ±1 and second-order 𝑚 = ±2 diffracted beams to each side
of the grating. We will use the first-order diffracted beams. You must figure out
which set of beams to use (i.e., either the left or right side). One set should appear
brighter and sharper than the other; use these.

1.1.1

Experiment 1: Measurement of h/ e
The first experiment that you will perform is the measurement of Planck’s constant

divided by the charge of the electron ℎ 𝑒 . You will measure the stopping voltage 𝑉0 of the
photoelectrons that are ejected from the metal cathode in the photodiode circuit, which

76

is equivalent to their maximum kinetic energy 𝐸𝐾 . These quantities are related to the
energy of the photons ℎ𝜈 and the work function of the cathode 𝜙 via
𝐸𝐾 = 𝑒𝑉0 = ℎ𝜈 − 𝜙 .
One can rearrange this equation by dividing through by the charge of the electron 𝑒 to get
𝑉0 =

ℎ
𝜙
𝜈− .
𝑒
𝑒

This equation is identical to that of the linear function 𝑦 = 𝑏𝑥 + 𝑎, such that by plotting
𝑉0 vs. 𝜈 , you can obtain the value of ℎ/𝑒 from the slope.

1) Take a few sets of measurements to ensure reproducibility of your results.
2) There could be multiple reasons for variations in your data. Figure out why and
correct it.

1.1.1

Experiment 2: Light intensity and stopping voltage
The second experiment that you will perform is to see how the intensity of the light

affects the stopping voltage 𝑉0 of the photoelectrons that are ejected from the metal cathode
in the photodiode circuit. You will use the intensity (neutral density) filter and the blue
diffraction line to see if the stopping voltage varies as the intensity is changed.
1) Take a few sets of measurements to ensure reproducibility of your results.
2) There could be multiple reasons for variations in your data. Figure out why and
correct it.
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1.1 Results and analysis
You should have a set of data for each experiment outlined above. Be sure to represent
your data in tabulated and graphical forms with errors and fits.
Do your data from both experiments support the quantum nature of light? Why or why
not?

1.2 Questions
Here are some thoughtful questions that you should now be able to answer. Please do so
in your lab notebook.
1) What is the work function of the photocathode?
2) What happens if you measure the wrong set of diffraction lines? Take this data set
to support your answer.
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Experiment 1
Electron diffraction
Electrons are fundamental particles, yet they exhibit wave properties; this is known as
wave-particle duality. You will investigate the wave properties of the electron in this inquirybased experiment on the diffraction of electrons.

1.1 History and theory
In 1924, Louis de Broglie extended the notion of wave-particle duality to physical
matter (i.e., the electron). Previously, wave-particle duality only applied to electromagnetic
radiation (i.e., light/ photons). De Broglie’s hypothesis was experimentally observed in 1927
by Davisson and Germer at Bell Labs when they passed a beam of electrons through a
crystalline target of nickel. George Thomson at the University of Aberdeen also independently
verified electron diffraction at this time and shared the 1937 Nobel Prize in Physics with
Davisson.
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1.1 Pre-laboratory preparation
Please complete this section PRIOR to your assigned laboratory section. It may be
verified BEFORE you are allowed to begin the experiment and should be documented in
your lab notebook.
Read about de Broglie wavelengths and the Davisson-Germer experiment in Sections
5-1 and 5-2 of your Modern Physics textbook (pp. 193–204). You may also find it useful to
consult Section 39.1 (pp. 1279–1286) in your PHY 223/ 224 “University Physics” (14th edition)
textbook.

1.2 Experimental procedure
1.2.1

Important considerations
Please be aware of these important aspects while doing the experiment.
1) DO NOT go over an acceleration voltage of 5.0 kV! X-rays may be generated at
energies above 5 keV.
2) Only have the acceleration voltage ON when taking data.
3) This is an inquiry-based experiment, so you will have to figure things out!
4) Be sure to document everything.
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1.1.1

Experimental setup
Connections between various components of this electron diffraction experiment have

already been made for you, but you should verify them with Fig. 1.

Fig. 1 Schematic of the electron diffraction apparatus. [1]
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1.1 Results and analysis
You will measure the diffraction of electrons from a polycrystalline graphite sample
(see Fig. 1) located at point A in Fig. 2.
 dinner →

douter

Fig. 1 Atomic arrangement of carbon atoms in a hexagonal lattice for graphene. Graphite is
composed of a number of graphene sheets stacked on top of each other. [1]

) 2

Fig. 2 Schematic of the vacuum-sealed glass enclosure where electrons are generated,
accelerated, and diffracted from the polycrystalline graphite sample located at point A. We
view the electrons on the fluorescent screen, which emits light when electrons hit it. [2]
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You should have one table with all of your data (raw and calculated), examples of
calculations, and two graphs with fits to your data. Be sure to interpret your fits (i.e., what does
the slope represent?).

1.1 Questions
Here are some thoughtful questions that you should now be able to answer. Please do
so in your lab notebook.
1) What are the energies of your electrons?
2) Are these non-relativistic or relativistic electrons? Why?
3) How could you decrease the uncertainties in your experiment?
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Dec 7, 2017 4:58 PM EST
Brendan Pickard
Physics and Astronomy, Users loaded with unmatched Organization affiliation.
Re: Exempt - Initial - UHSRC-FY17-18-172 Evaluation of the PHY 372: Modern Physics Lab
Manual
Dear Dr. Brendan Pickard:
The Eastern Michigan University Human Subjects Review Committee has rendered the decision
below for Evaluation of the PHY 372: Modern Physics Lab Manual. You may begin your
research.
Decision: Exempt
Selected Category: Category 1. Research conducted in established or commonly accepted
educational settings, involving normal educational practices, such as (i) research on regular and
special education instructional strategies, or (ii) research on the effectiveness of or the
comparison among instructional techniques, curricula, or classroom management methods.
Category 2. Research involving the use of educational tests (cognitive, diagnostic, aptitude,
achievement), survey procedures, interview procedures or observation of public behavior, unless:
(i) information obtained is recorded in such a manner that human subjects can be identified,
directly or through identifiers linked to the subjects; and (ii) any disclosure of the human
subjects' responses outside the research could reasonably place the subjects at risk of criminal or
civil liability or be damaging to the subjects' financial standing, employability, or reputation.

Renewals: Exempt studies do not need to be renewed. When the project is completed, please
contact human.subjects@emich.edu.
Modifications: Any plan to alter the study design or any study documents must be reviewed to
determine if the Exempt decision changes. You must submit a modification request application
in Cayuse IRB and await a decision prior to implementation.
Problems: Any deviations from the study protocol, unanticipated problems, adverse events,
subject complaints, or other problems that may affect the risk to human subjects must be reported
to the UHSRC. Complete an incident report in Cayuse IRB.
Follow-up: Please contact the UHSRC when your project is complete.
Please contact human.subjects@emich.edu with any questions or concerns.
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Sincerely,
Eastern Michigan University Human Subjects Review Committee

87

Appendix I:
2018 Human Subjects Research Approval Letter

88

Nov 29, 2018 10:13 AM EST
Brendan Pickard
Physics and Astronomy, Users loaded with unmatched Organization affiliation.
Re: Exempt - Initial - UHSRC-FY18-19-114 Evaluation of the Revised PHY 372: Modern
Physics Lab Manual
Dear Brendan Pickard:
The Eastern Michigan University Human Subjects Review Committee has rendered the decision
below for Evaluation of the Revised PHY 372: Modern Physics Lab Manual. You may begin
your research.
Decision: Exempt
Selected Category: Category 1. Research conducted in established or commonly accepted
educational settings, involving normal educational practices, such as (i) research on regular and
special education instructional strategies, or (ii) research on the effectiveness of or the
comparison among instructional techniques, curricula, or classroom management methods.
Category 2. Research involving the use of educational tests (cognitive, diagnostic, aptitude,
achievement), survey procedures, interview procedures or observation of public behavior, unless:
(i) information obtained is recorded in such a manner that human subjects can be identified,
directly or through identifiers linked to the subjects; and (ii) any disclosure of the human
subjects' responses outside the research could reasonably place the subjects at risk of criminal or
civil liability or be damaging to the subjects' financial standing, employability, or reputation.

Renewals: Exempt studies do not need to be renewed. When the project is completed, please
contact human.subjects@emich.edu.
Modifications: Any plan to alter the study design or any study documents must be reviewed to
determine if the Exempt decision changes. You must submit a modification request application
in Cayuse IRB and await a decision prior to implementation.
Problems: Any deviations from the study protocol, unanticipated problems, adverse events,
subject complaints, or other problems that may affect the risk to human subjects must be reported
to the UHSRC. Complete an incident report in Cayuse IRB.
Follow-up: Please contact the UHSRC when your project is complete.
Please contact human.subjects@emich.edu with any questions or concerns.
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Sincerely,
Eastern Michigan University Human Subjects Review Committee
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